I. Introduction
===============

Human papilloma is defined as a benign neoplasm that may involve the oral, nasal, and sinus cavities, larynx, and pharynx. Many of the human papillomas are known to be induced by human papilloma virus (HPV)[@B1]. It can be associated with malignancy, albeit rarely. In some cases, the lesion is diagnosed as benign or chronic inflammation with biopsy even though it shows malignant change clinically. Poor prognosis delays proper treatment.

HPV is detected in almost all uterine cervical cancers. The HPV 16, 18, 31, 33, and 35 subtypes are cited as causes of cervical cancer. The HPV 16 and 18 subtypes are most dominant[@B2].

Recent studies report that HPV has an important role in carcinogenesis and metastasis on the head and neck area[@B2]-[@B4]. HPV infection is reported in about 15-25% of oral squamous cell carcinoma (SCC). The HPV 16 subtype is the most common (90%), with HPV 18 reported in about 2-4%[@B5]-[@B7].

Matrix metalloproteinase 2 (MMP-2) erodes the collagen of the basement membrane, making tumor cells penetrate into the basement membrane and metastasize into surrounding tissues[@B8]. Likewise, many studies on the influence of MMP-2 expression on cancer are reported[@B9],[@B10]. The expression of MMP is also observed in oral cancer, with enhanced MMP-2, 9 expression reported in a higher degree of malignancy[@B11],[@B12].

In cervical cancer, increased expression and activation of MMP with infection of HPV are reported rather than the case of no HPV infection[@B13]; some studies report that HPV infection and over-expression of MMP-2, 9 are related to the malignant transformation of inverted papilloma[@B14].

This study sought to identify the expression of MMP-2 and infection of high-risk HPV on malignantly mutated papilloma and such influences.

II. Materials and Methods
=========================

Selected tissue samples were serially diagnosed with pre-can cerous papilloma (with epithelial dysplasia, pseudoepitheliomatous hyperplasia) or malignant lesion (SCC) after the first diagnosis with squamous papilloma or inverted papilloma.

For the control group, lesions diagnosed as papilloma but did not show any recurrence or malignant transformation were used. This study was approved by the Institutional Review Board of Kyungpook National University Hospital (IRB No. KNUH-2012-07-005).

1. Immunohistochemistry
-----------------------

### 1) MMP-2 staining

Tissue sections were deparaffinized and placed in 3% hydrogen peroxide for 3 minutes to block the endogenous peroxidase activity. The step of immersing in sodium citrate buffer (pH 6.0) and subjecting to microwave irradiation for 10 minutes (110℃) was used. Blocking reagent (UltraTek HRP; ScyTek Laboratories Inc., Logan, UT, USA) was applied for 10 minutes, and primary antibody (mouse monoclonal anti-human gelatinase A, clone A-Gel VC2, 1 : 400 dilution; Neomarkers, Fremont, CA, USA) was reacted. Secondary antibody with biotin and peroxidase reagent with avidin were involved, and DAB chromogen was developed. Counter staining was done with haematoxylin.

As negative control, samples were reacted with phosphate-buffered saline instead of primary antibody. As positive control, we used uterine cervical cancer tissues.

### 2) HPV 16 and 18 staining

Tissue sections were deparaffinized and placed in 3% hydrogen peroxide for 3 minutes to block the endogenous peroxidase activity. The step of immersing in sodium citrate buffer (pH 6.0) and subjecting to microwave irradiation for 10 minutes (110℃) was used. Blocking reagent was applied for 10 minutes, and primary antibody (1 : 50 diluted HPV 16-E7 antibody; Zymed Laboratories Inc., San Francisco, CA, USA) was reacted. Secondary antibody with biotin and peroxidase reagent with avidin were involved, and DAB chromogen was developed. Counter staining was done with haematoxylin.

For HPV 18 staining, 1 : 20 diluted HPV 18-L1 antibody (Novocastra, Newcastle, UK) was used as primary antibody.

2. Analysis of immunohistochemistry
-----------------------------------

### 1) MMP-2

We selected 5 fields for each slide randomly and recorded them using a microscope with digital camera (×100, Olympus-Bx41; Olympus Optical, Tokyo, Japan). The expression level was described as negative, weak, moderate, and strong according to the amount of positive cells.

For the epithelium, the expression level of MMP-2 was considered as follows: (-), negative (no positively stained epithelial cells); (+), weak (mild positive, partially stained in granular or spinous layer); (++), moderate (positively stained in the overall epithelium except stratum corneum), and; (+++), strong (positively stained in the entire epithelium).

For connective tissue (CT): (-/+), weak (positively stained in some fibroblasts); (++), moderate (positively stained in most of the fibroblasts); (+++), strong (positively stained in almost all fibroblasts).

### 2) HPV 16 and 18

If the epithelial cell layer in lesion shows koilocytosis, and the nucleus in the epithelium is stained brown, infection of HPV 16 or 18 was assumed.

3. Statistical analysis
-----------------------

The different expressions of MMP-2 by location (epithelial and CT) and according to the presence of HPV infection were analyzed. Kruskal-Wallis test was used to analyze statistically significant differences in groups (*P*\<0.05 considered statistically significant).

III. Results
============

1. Clinical features
--------------------

A total of 21 patients (male: 15, female: 6) were included this study. The mean age of the study group was 58.3 years (range, 30-79 years), and 39 tissues were examined.([Table 1](#T1){ref-type="table"})

At least 35 tissues of benign papilloma were examined as control group. The mean age of the control group was 48.3 years (range, 8-84 years). The tumor sites of the study group are listed in [Table 2](#T2){ref-type="table"}.

2. Immunohistochemistry
-----------------------

### 1) Expression of MMP-2

The expression levels of MMP-2 in papilloma, pre-cancerous papilloma, and SCC are presented in [Table 3](#T3){ref-type="table"}. The result of immunohistochemical staining is shown in [Fig. 1](#F1){ref-type="fig"}. These results revealed that the expression levels of MMP-2 increased in pre-cancerous papilloma and SCC than normal papilloma. The control group exhibited 6 negative, 22 weak, and 7 moderate cases in the expression levels of MMP-2.

### 2) Infection of HPV 16 and 18

In the papilloma study group, infection of HPV 16 was found in 1 case, and that of HPV 18 in 1 case. For pre-cancerous papilloma, infection of HPV 16 was identified in 5 cases, and that of HPV 18 in 1 case. Double infection of HPV 16 and 18 was found in 1 case of pre-cancerous papilloma. The infection rate of HPV 16 or 18 was 28.6% in the papilloma group and 33.3% in pre-cancerous papilloma.

Concerning SCC, all cases showed koilocytosis as evidence of HPV infection.([Figs. 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}) Infection of HPV 16 was found in 7 cases, and that of HPV 18, in 2 cases. Double infection of HPV 16 and 18 was found in 2 cases. The infection rate of HPV 16 or 18 was 63.6% in the SCC group, which was an increased outcome compared with the pre-stage lesions. In the control group, 16 cases showed infection of HPV, and 4 cases, HPV 18 infection; double infection of HPV 16 and 18 was noted in 1 case.([Table 4](#T4){ref-type="table"})

3. Statistical analysis
-----------------------

For statistical analysis, we assigned scores according to the degree of expression. In the epithelium, the expression of MMP-2 was scored from 0 (for negative) to 3 (for strong). In CT, it was scored from 1 (for weak) to 3 (for strong).

In the papilloma, there was no statistical difference in the expression of MMP-2 between the study and control groups. The epithelium of pre-cancerous lesion showed slightly higher expression of MMP rather than papilloma, but the difference was not statistically significant. Neither was there statistical difference in CT.

SCC exhibited higher expression of MMP-2 than pre-cancerous papilloma or papilloma.([Table 5](#T5){ref-type="table"})

The expression of MMP-2 in pre-cancerous papilloma and SCCs increased when there was HPV infection, and that of MMP-2 in pre-cancerous papilloma with HPV infection was significantly higher.([Figs. 4](#F4){ref-type="fig"}, [5](#F5){ref-type="fig"})

IV. Discussion
==============

The carcinogenesis, invasion, and metastasis of tumor cell are the result of molecular biological multi-step processes. Proper sequences are needed for tumor cells to invade and metastasize[@B15]. First, tumor cells should be separated before they subsequently attach to extracellular matrix (ECM) and invade into surrounding tissues.

Most MMPs are secreted as pro-matrixin and activated by surrounding tissue, plasma proteinase, or bacterial proteinase[@B11]. In tumor cells, pro-matrixin is activated in a special membrane called invadopodia. The activated MMP is regulated as compound with tissue inhibitors of metalloproteinases (TIMPSs). MMP is a kind of enzyme that raises the turn-over rate of the ECM proteins-related formation of CT and invasion of tumor.

Thus, the degeneration of basement membrane is an essential process for the progression of tumor. Type IV collagen is the major composition of the basement membrane.

MMP-2 can degenerate the basement membrane by the decomposition of type IV collagen. As a result, it plays an essential role in the invasion of tumor[@B16]. Because of such destructive potential, MMP should be precisely regulated. Therefore, we can figure out the invasive growth of tumor cells by analyzing the expression of MMP-2. Davies et al.[@B17] reported the enhanced activation of MMP-2 with the presence of tumor for benign or malignant breast tumors. Some studies also reported that the invasion of tumor was related to the activation of MMP-2[@B18]. A model study, too, reported decreased invasion of tumor and metastasis with the suppression of MMP-2.

Kim et al.[@B12] analyzed the expression of MMP-2 in irrigation fibroma, leukoplakia, and oral SCC and reported the enhanced expression of MMP-2 in those lesions compared to normal oral mucosa. Moreover, Duffy et al.[@B19] reported that the activation of MMP-2 and MMP-9 increased in malignant tumor than benign tumor in general. In our study, the expression of MMP-2 in epithelium and CT was not statistically significant but increased with the progression of lesion from papilloma to pre-cancerous lesion. Likewise, the expression of MMP-2 in change of papilloma to SCC and pre-cancerous papilloma to SCC increased in epithelium and CT, and the difference was statistically significant.

MMPs are synthesized by ECM cells surrounding the tumor cells rather than tumor cells, suggesting tumor cell-stromal cell co-operation[@B20]. Analyzing the expression of MMPs may be essential in predicting the prognosis of tumor, although tumor cells do not produce MMPs themselves[@B16],[@B20]. The result of this study showed significant difference of MMP-2 expression in papilloma\--control group and papilloma\--study group. Papillomas without any pre-cancerous or malignant change showed weak or decreased expression of MMP-2; in contrast, papillomas in the study group showed higher expression of MMP-2. This implies that papillomas in the study group may have higher potential to be invasive lesions.

The infection of HPV is related to several kinds of cancer. After the first study has been reported[@B21], i.e., there are relations between HPV infection and benign or malignant tumor in the head and neck area, many studies were conducted. In 1995, International Agency for Research on Cancer (IARC)[@B22] reported that HPV 16 and 18 caused malignancy in humans. Arndt et al.[@B23] researched the subtypes of HPV in papilloma and leukoplakia on oral and laryngeal region. They found HPV 6, 11 in most of the papilloma and reported that high-risk HPV 16 is in 22% of papilloma and 36% of pre-cancerous papilloma. Gillison et al.[@B6] reported that HPV 16 caused head and neck cancer even in patients who have not been exposed to tobacco or alcohol.

About 25% of head and neck cancers were reported to be related to the infection of HPV[@B5]-[@B7]. Miller and White[@B24] inspected HPV in head and neck SCC with polymerase chain reaction (PCR) and reported the infection of HPV on 15.8-34.5% of the lesion. In 2001, Miller and Johnstone[@B25] reported the result of a 15-year research (1982-1997) on the relation of oral SCC with the infection of HPV. According to them, HPV can be a risk factor of SCC, and the presence of HPV indicated 0-100%.

In our study, the infection of HPV 16 and 18 was examined with immunohistochemistry. We found one case each for infection of HPV 16 and 18 in a total of 7 cases. In pre-cancerous papilloma, 7/21 cases showed the infection of HPV 16 and double infection was found in 1 case. In SCC, 7/11 cases showed the infection of HPV 16 and double infection was found in 2 cases. In control group, infection rate of HPV 16 was 25.7% and 28.6% for HPV 18.

Although the expression levels of MMP-2 were not significantly different, pre-cancerous papilloma exhibited somewhat higher levels of MMP-2 than papilloma. The infection rate of HPV 16 and 18 was slightly higher in pre-cancerous papilloma than papilloma, but there were hardly differences. Nevertheless, the expression level of MMP-2 significantly increased as pre-cancerous lesions becoming malignant lesion and infection rate of HPV almost doubled. Concerning the study reporting that the infection of HPV is related to the expression of MMP-2[@B13], this result suggests that the infection of high-risk HPV may play an important role in the early stage of malignant transformation. As part of their research on MMP-2 and MMP-9 with regard to malignant transformation, Katori et al.[@B14] also stated that the early infection of HPV must be related to malignant transformation.

Our study did not include more reliable or exact methods such as PCR analysis in HPV-type screening; only a small number of samples were analyzed. Despite such limitations, this study yielded useful results by tracking the series of mutations from the papilloma to pre-cancerous lesions and malignant lesion. Moreover, the evaluation of the expression of MMP-2 and high-risk HPV screening with immunohistochemistry is easily applicable to clinical practice because it does not require HPV gene screening. Therefore, papillomas with moderate or higher MMP-2 expression and infection of HPV should be considered to be likely to be changed into pre-cancerous or malignant lesions, in which case long-term follow-up is needed.

V. Conclusion
=============

This study showed that the moderate or higher expression of MMP-2 and infection of high-risk HPV in papilloma may indicate potential malignancy. Consequently, in clinical diagnosis, the evaluation of the expression of MMP-2 and high-risk HPV screening can help us predict the malignant transformation of papilloma and improve patients\' prognosis.
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![Koilocytosis is noted, with the epithelial layer showing positive immunoreactivity to human papilloma virus 16 (×400).](jkaoms-39-224-g002){#F2}

![Epithelial cells showing koilocytosis reacting positively to human papilloma virus 18 antibody (×400).](jkaoms-39-224-g003){#F3}

![MMP-2 expression score and HPV 16 and 18 infection for each lesion in the epithelium. ^\*^*P*\<0.05. (MMP-2: matrix metalloproteinase 2, HPV: human papilloma virus, Pa: papilloma, PC: pre-cancer lesion, SCC: squamous cell carcinoma)](jkaoms-39-224-g004){#F4}
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Distribution of age, gender, and progression of lesions
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(F: female, M: male, Pa: papilloma, PC: pre-cancer lesion, SCC: squamous cell carcinoma)

^\*^Recurring lesion.
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Distribution of anatomical location of papillomas, pre-cancerous lesions, and SCCs

![](jkaoms-39-224-i002)

(SCC: squamous cell carcinoma)

###### 

Expression of MMP-2 in papillomas, pre-cancerous lesions, and SCCs
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(MMP-2: matrix metalloproteinase 2, SCC: squamous cell carcinoma)

(-): negative, (+)/(-/+): weak, (++): moderate, (+++): strong.
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HPV 16 and 18 infection rate in papillomas, pre-cancerous lesions, and SCCs

![](jkaoms-39-224-i004)

(SCC: squamous cell carcinoma, HPV: human papilloma virus)

^\*^1 case HPV 16 and 18 double infection. ^\*\*^2 cases HPV 16 and 18 double infection.
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Comparison of MMP-2 expression between each lesion (*P*-value)
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(MMP-2: matrix metalloproteinase 2, Pa: papilloma, PC: pre-cancer lesion, SCC: squamous cell carcinoma)
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